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t)-, ^0)0} a]]^^ 0)0}==. tr^r ^S7)7l ^ >«3. -a-g-^Til A>-g-^ ^ o^cf. 
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-frS-*^ ^ y J-^{Novel Preparation method 

of PEG-maleimide PEG derivatives} 

!^£t PEG-^eflolDl ^.(PEG-maleimide) -R-£^]^ ^*<HH1 ^ ^.cf 

^ Si^r PEG-^-efloinlco^ a}| S ^- ^w o V^ofl -&tr ^oi^. 
oj^o^. ^ i-ofl ^ <y=^ln|]^ ji-g-^o] pgQ (polyethylene 

glycol)^ ^^H^ ^Aj-oi^.( PE0 )S£ ^ <£s^ o]^. o]^ ^-g-^o] ^-t?j 

^ l-^o] e}rr pegs}- ^tH}^ ^-g-^ tt]7fl ^cf. SEtr, PEG^ ^ <£<3 SH-^ 

ol 7}£} Jf-E^o]^ ^°}, ^}M" S^^l tfltb S}-^ ^ 

PEG^ 7}^- ^Jti>^9j ^Efl^ *}ol^.^ (hydroxy 1)711- ^ H^x} 

5.^, zl H0-CH2CH20-(CH2CH 2 O)n-CH2CH2-OHS IL^sH tb^*! H0-PEG-0HS. ^ 

e}^i ^ 9X$=n, -PEG-^ (CH 2 CH 2 0)5-^ , tij--g- 7 ]7} #s]o] 
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*>ol=s.A]7l# *fl^l#eH 1 &'ffl #e]#( me thoxy- PEG-0H(°1*> mPEG^e}- ^-))7> 
<yav^ ^-§-3^ H CH 3 0-CH2CH20-(CH2CH20)n-CH 2 CH2-OHS S^^cf. 

<4> o. S p EG - ^-yl^nfl ^ # ofl ^-O.^ °1 ^ 

5}£ PEG^ ^r-g-^-i: Ji^l^ ^3 M^l^^ 3^ 

^ 7^711 ^ ^l^i^ PEG- ^"#( PEG -taxol)°l 54°-^, \+i<£ 5E^r -B- a J-^ 

d±o}^ ij-^^- n ^HlSA^ ^-g-^o] ^§1 ^-o> zLofl ^tiVtb ^ ^ ^> 

H3-#oll »1*H ^r-§-^°l lOOOufl o]tf ^c}t^ ^ (^l^^^-7fl ^1 

5,977, 163 Jl ^ ^15,648,506^). 
<5> t$i& PEGS] SE^l ^*M-^ ^-g-^-g- #o1ji a] ^4^51-1 #o] 

^ ^ SI*fl ^ ^Hl tfl^ ^Hd-fr ^ SiTfl *Vrf. iE*b PEG ^SLS. #31 £ 

7>^=^ ^7}±r #7>1- iL<?]tf. PEG^ £^ #^^r ^)2.°]} 

^tb #7}^ ^Sj-A]Zj ^ olO ES ^ tifl^^lS.^ 

3 ^ ^Cf. ole^tb <^ PEG M -FKE^l-cr ^ 

i=KJ. Milton; #. Poly ethylene glycol Chemistry., 1992). 
<6> zLSitb 49 3-8-^ ofls., PEG5+ 6>cfl^Al v] o}x2]v]]o] ^ (adenosine 

deaminase, ADA)7> <^1^-<H^1 l-^lli^^^-aHl^^^HH^ 

(PEG-ADA)^ o>-S- ^^^^^ *l5.*fl.3.*1 A >-§-^^l ^-5.^, St!- PEG^ o^sj-e). 
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7] i+a>*H (asparaginase, ASP)7> l-^ofl^^#ej§-o>^^7m-o>^ (PEG-ASP)^r 

o>^.yfl^^ A>-g-s)ji 5>}r}. zl PEG-^]E^ls.(PEG-interferon), 

PEG-GCSF ^wVoie^ ^ ^ aj^p. ^^-oi^s.^ ^91^^ *r-8-£U 5£4. 

oJiH <^4}- ^s%ci\ ^-g. ti-oj:^ peg -fK5=*fl 7fl^ol oi^xl^ 

<*HlJiffl #e|€-(PEG) Dfl^-Al^slofl^^i #e)#(mPEG)^ <>K1, N-*H^^M 

^a]o] n]^ <H]^Ei(N-hydroxy succinimidyl ester) ^ -fr^^Sl- € *1 

^ol ojnl i£uLS)ao.^(n]^.*l ^4,179, 337^; /. Biol. Chem., 252, P 3578, 1977; 
Anal. Biochem., 131, p25, 1983; Macromol . Chem., 182, pl397, 1981; £i/r. Fo/jth, 
/. , 19, pll77, 1983; Synth. Commun. , 20, p2951, 1990), olS* tfl«-£- 5} 

7^1} ofnli^ ig^ofl 3]^ <S^£]^ A) $to.S ^-g-^V^cf. ol^tj- ^=l£. 
HJj;g^ o_ s o.^ojo.^ PEG^I #«fl;§J<i) oj-nl^ 

^ ^Bl*^£7> ^7^1 ^O^]^ !§.o) x£^^r 7}*]jl ^^Cf 

(Abuchowski , A, et al.; "Enzymes as drugs" p367-383, 1981; 7. Appl . Biochem., 5 
, p337, 1983.). 

o]e^l M^>j77> ^#«|-^ ^ JEWISH ^Efl^ PEG* £ 

^1 71 TIM- ^ ^Ell^i (cysteine)^ -gH*H-!= fi(sulfhydryl) 7H 

mPEG(methoxy polyethylene glycol)* ^tM^l *r 7}<k3. ^S.^r iNM^^-I- 

■frS^lS. *r*r PEG -frS.^^ 7B^5a^(5/ 0 /TecADo/cKK, 8, P 343, 1990; 

Chemistry 0/ Peptides and proteins 2, p29, 1984; Synthetic Comm. , 22(16), p2417, 
1992.). 
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< ^ > nrn KTLJ 1) maleic anhydride 

mPEG-NH 2 . 1 ^ mPEG-Maleimide 

2)Ac 2 0, NaOAc 

<10> ZL^M- ^ ^.JLofl l4€- PEG -fKE*!]^ ^4^HH ^^7>^1 ^-^1 ^ o] ol 

^ 3 AS SK}£]&tK ^ ^£H°> ^H^lli (maleimidyl)7l 

^^m^. M-r- fe-fr ^4- o^l eo>^^ ^ ( aC etani 1 ide) 7l» -fK£*flS 

<n> 

o 




mPEG N=< \ mPEG N II mPEG N XH 3 



H 



O 



A. mPEG-Isoimide g Michael adduct c mPEG-Acetanilide 

<12> o]<% ^o) 71^ ^-^^ wj.^^ ^-g-ol nfl ^-J7 ( J2^-7>o] PEG71- JL^3± & 

-f 1-^1-* cf^r if^r^r -f- ^£7V ^ PEG-U^H^S. -B-£^7> ^^rf. PEG 

-Bf*<HH A>-g-tb ^ 3S.p>S.ZLSfl 2] (column chromatography) 7V 11 IL 

S]^ ^ 71^ g-^ofl 14s. «j-^o.S ^« ^-§>r4(/. 5 C /. , 

C37, p61,1997; /. <2r^. <2?e/?7. , 34(8), P 2275, 1969; 6er. Of fen. , 2, pp751-901, 1978; 
Ger. Of fen., 2, pp837-919, 1979). 
<13> ^rgofl^^ ^sflo^ PEG-^M*)^ %-5L*{)9 ^*Rr £i=- nfl-f ^ 

i-^-a- ^-irS ^ *f ^ ^-8- -g-^H ^£.sq- ^-i-* sM*| 
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Afls^ 7fl^>7l ^SH, ^^M^-€7l(sulfhydryl group)-!- 7>^1 >M 

^#5. ^*Rr ^-i: ^-4^, ^^>ol^^[7l (sulfhydryl group) 

*\ ^7}*\ °-S. ^91 AflS^ 7fllHrRrtil ZL ^o) ojtj.. 7.}^} 

A)^ ^^SLS.^ HBlS^S^H]EflolB (pentafluorophenyl tr i f luoroacetate) 
5t^ *fl3.£ ^7l#nfl jiejsj. av-g-ofl o]^> PEG-^reflolPl = -frs. afl.fi- ^*Krt-11 



^-71 ^^r>7l J1^><?1 ^«r^ (1)5] mPEG- 

^3H D l:B(maleimide) sJ-^-lr-g: *l}^Rr wJ-«H ^c^^, ^aV^ (I-a)^ 

mPEG-^efl^ei ^(maleamic acid) -fK£*lH ^^fl-^^sfl^ Ir^^o)-^] z]} o] 

(I) f^Sfl ^tti *)l2:^g- ^ aH^^-i- ^l^-trcf. 
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<16> [^-^ l] 

o 

> 

mPEG-OCH 2 CH 2 — N 
<17> ( I ) 

<18> 2] 

mPEG-OCH 2 CH 2 -NHCOCH=CHC02H 
<19> (I - a ) 



°11 (II-a)^ PEG-wl^C^sll^ &h ofl ^E^^S.^ BB^^S 

a}^ <a«]:^ (II) ^1^^-* mtSLS. o. *M}. 



<21> 3] 

o o 

^N— PEG-OCH 2 CH3— N \JJ 
O O 



<22> 



(ID 



<23> [SJ-*)-^ 4] 

HO2CCH=CHC0NH-PEG-OCH 2 CH 2 -NHC0CH=CHCO 2 H 
<24> (Il-a) 
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<25> S*V ^ ^a>Ai (111)0] cf^ <£( a rm) PEG-^efloH^ #^"*fl ^ftt ^ 

S*Hr H o v ^°fl 5a°H, (III-a)^ cf^ <& PEG- tell ^-f-^-S-Ssf) ^ 

^l#^^-« ^1^ (III) ^l2:^-# ^^-S. *}^r ^S^^tr 

<26> 5] 



<27> 

<28> ^-71 >=HH R^r ^°o v ^(central core)»lJi; 

<29> n °- 03.0] 7fl^SAi 3 vfl^l 12°} 

<30> [5)-^^ 6] 

R(— PEG-OCH2CH 2 -NHCOCH=CHCq>H) B 



O 




o 



<31> 



(III-a) 



<32> 



<33> 
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<34> 



Stb £ (IV)^ ^l^H ^ PEG-^sll ^1^1 ^(Multi-arm 

PEG-maleimide) S^l-i- ;fc*Rr «<HH (IV-a)^ €3 3= 



<35> [SHM 7] 

R'O— (CHCHjOfe R' 




<36> 



(IV) 



<37> [^-^ 8] 

R'O— (CHCH 2 0)s R' 




NHCOCH^HCOjHi 



<38> 



(IV-a) 



<39> ^-71^ ^lofl^, R'^ ^ E^h^ 1 tfl*l 3^ ^^"^7l» l^Bf^i, n'^r 3 

1221 ^^oIjl, 1 ifl*l 202] 7 fl^» v+E^tK 

<40> Aj- 7 ] ^WVAI (!) tfl^ (IV) ^^-o- ^2:^ #-§-0^ A}-g-£|^ ^ 7 ] 

^ DIEA(diisopropyl ethyl amine), DEA(Diethylenamine)^ c >l wj-^^j^^, -fM-g-nfl^. 
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1-4: is] ^tNl* ^#^^1^ ^ DMF^ £^8-*fl7> tif^^H, 50-60°C^1 ^ 

£-H<*IM 24*] # ^Aj^o] ia].^^>4. 



o 



<41> 



<42> 



<43> 



ofl £A]^ ig-^ofl o^o} «3^<3 i^}^ (I) xfl*l (IV) PEG-^^l^lnl^ # 

Ir^H, <H*>^ (1)^1 mPEG-^-^olu]^^ ^7] *hg-Ai 7]^ 



<44> [tf^g-Al 1] 

TsCl,Et 3 N 



mPEG-OH 
I-d 



CH 2 C1 2 
maleic anhydride 



DMAC, CHP 



2 8% -amm oni a wat er 
mPEG-OTs mPEG-OCH 2 CH 2 -NH2 



I-c 

mPEG-OCH 2 CH 2 -NHCOCH=CHC0 2 H 
I-a 



I-b 



DIEA 

P entafl u oroph eny 1 -tri fl u oro ac e tat e 
CH 2 Q 2 , DMF 



mPEG-OCH 2 CH 2 — 



<45> 



^■^^•S-^rC/j-tolunesulfonyl chloride)^- ^JL TEA(triet hylamine)-4 &-8r ^7]^-^ 
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, °1 ^€ (I-c) «• 20 ifl*l 30%^ «a-a.qo>^ f H >^-3j v}?)] 28 %^ ^Sujo} 

t «HH #-§-«H (I-b)^: ^*Kr *fl 2#7fl, o] ^.g. (I _ b) 

°ll ^sMlS ^efl^V ^#(maleic anhydride)^: A}-g-<5}-ji -f>- 7 i.g.nfls. l^N-tH^o} 
4Ho>n]^(DMAC, N,N-dimethylacetamide) , N-*H#-£-3|-g:Bll-e)c|fe(CHP, 
N-cyclohexylpyrolidinone)^ ^^-g-nfl t h}.^^;^ ^ 5:1^ ^tf--§- D fl 
*H #-§-^ ^ v ^l^ # W# (I-a)» <S^r 3^:711, ol (I-aW 

^■1-^5.^1^ DEA^ ^ ^71 #*fl tsHH, DIEA5+ DMF^ ^-g-tfl, Hj-^sM]^ 

4:1^ ^t-g-lt ^-g-^H £ mPEG-l-efl^^H. -fi-JSl^ (I)# 

<46> M. (11)^ PEG-W]^(^5flo]Dlc) sr]-^-g- tiV-g-Al 2 ofl 7]^^ 



<47> [tiV-g-Al 2 ] 

TsClEt3N 28%- ammonia water 
HO-PEG-OH ■ — TsO-PEG-OTs ^ NHj-PEG-OC^CHj-NHj 

CH2CI2 

H-d II-c n-b 

maleic anhydride 



H0 2 CCH=CHCONH-PEG-OCH 2 CH 2 -NHCOCH=CHC0 2 H 



DMAC, CHP 

Il-a 



DIEA O O 

Pentafluorophenyl-tri flu oro acetate 

CH 2 C1 2 ,DMF * [|,N-PEG.OCH 2 C^-N^J 

o o 

(II) 
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^7} s] «]-§-^H 7]^Q go), -g. HO-PEG-OH(II-d)°fl «V-§-5f^l^ <*Sj- 

-S-a]^ £^ Sf^-i- (II-c)# *fl^Kr *fl 1^1, o) (n-c)^r ef 20 vfl 

*1 30%, w>^*>7fl^ 28 %sl °j-S.^o>^ §H1^ SH-*}^ ^ 3?-^ (II-b)# tJ" 
^*Rr *11 2^1, o] (II-bHl #-§-5MlS ^efl^r ^#^§- *}-&f>}Jl -°- 

71-g-nfls. DMACCN.N-^^l^oHlH^l^., N.N-dimethylacetamide)^ CHP(N-A>o]#s.^j^ 
^ll-sl^fe, N-cyclohexylpyrolidinone)^ ^^--g-ufl , H}a^ °J 5:1^) ^^1* 
£fe ^"§-*11*H #-§-*l^ tsll^-l # ^S(II-a)-i: *flS*Rr *fl 3^1, oj 

(Il-a)^l tiV-g-^^S.^ HBl$^S.oHlBflolH ^4 ^ ti> 

-§-sMl* ^7><5>Jl DIEA DEA^f ^7] «H^, c]t^^4 DMF^ 

nlJ=) 2 -fKE*ll(II)S ^ 4^^S] i#*}*r ^lS^^^r 

■& (111)^1 ^e] <y- PEG-^:eflolnl = (Multi-arm PEG-malemimide) ^ 
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<so> [tiV-g-^i 3] 

>-p_ j^J TJ»i VJ 

R( PEG — OH)„ Rf PEG — OTsX, 28%-ammonawater 

CH2C1 2 

. III-d IH-c 
Maleic anhydride 

R( — PEG— OCH 2 CH 2 -NH2) n »- R( PEG— OCH 2 CH 2 -NHCOCH=CHC02H) M 

DMAC, CHP 

III-b IH-a 

DIEA O 

Pentafluorophenyl-trifluoroacetate 

r( PEG— OCH 2 CH2 N || ) 

CHaCb DMF v \J» ' n 

O 

(III) 

<5i> s$ 7 }$>\ tiV-g-AioilA-l, ig^ # PEG^ ^KcoreHji, n£: PEG* 7}^ 

^ ^ 7fl^S^ 3 i27fl2] ^o^, 7 >xl7> 47fl<y 4-<a- PEG(4-arm PEG), 

67fl<=Q 6-# PEGol^ *H 127fl<^ 7>^1# 7>^1 12-^- PEG s}-^-§- -g-o] 

<52> ^-71^ tiH-^Hl 7l7fl^ W>5q- ^-ol, jQ.j%£. t§_1E]-<& PEG (III-dH *H-5Ml5. 

l-f^^^ ^ S-^Sf^l- *#J1 ^7l#ofl *HH C^^pflB* 0.7I -g-nfl «H 
tiV-g-Al^ (Ill-c)-fr *)l3^Kr *H l#7fl, O] 3^1- (IH-c)-a- ^ 20 

30%, H>^^^>7fl^ 28%S] oj-zqo^ Sh§-*H o>n] (IH-b)^: 

"t^Hr ^ 2^1, o] 5).^ (in-b)ofl tilr-g-sj-^ls ^efl^r ^-g-^Ji 

-B-71-g-nfls. DMAC^j- CHP^ ^-g-nfl, ^.b^^)^ ej= 5:1^ £^-8-*41*W 

^-§-^1^ ^efl^K 1 ^> 5j-^-l-(III-a)* *flS*Hr ^1)3^, o} (Ill-a)ofl 

oftfl a- DEA^f ^ o| 7 ] ^nfl ?>}6\)*\ > c]fssl!}4 DMF^ ^fj- 
-g-ufl, HV^€:>7fl^ 4:1^ ^-§-*fl# A>-g-«H ^ o] ^E)-^ PEG" 
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iNH^ -fj-jESll (III)* A ^ u o v ^^- £#*Kr ^lSU-^^r afl^nj-. 



<53> ^gsj dv)^ tg PEG-^efloH ^(Pendant PEG _ ma ieimide) 



<54> [aV-l-Ai 4 ] 

O 



TsCl, Et 3 N 

R.«— (CHCH 2 0)n' R 1 +~ R'O— (CHC^O^. R' 




OH/ 



RJ— (pHCH 2 0) rf - 




OTs/ 

* n 



IV-c 



R t -(9HCH 2 0) rf - 




NH2 
IV-b ' m 



). 



cH 2 a 2 



28%-ammonawater 




IV-c 



OTs) 



R'O— (CHCH 2 0) tt . 




Maleic anhydride 
-R' „ R'0-(CHCH20) n . R' 

DMAC. CHP 




.) 



NHCOCH=CHCQ2H> 
IV-a m 



RJ— (CHCHjO^- 




DIEA 

P entafluoro phenyl -tri fluo ro ac etate 
CH 2 C1 2 , DMF 



NHCOCH=CHCQ2H 



). 



IV-a 




# 7 ]Si\ uV-g-^HH, #t # ^ (IV-d)^r PEGS.*} 71 -g. ^ c^o] p EG 

7] (backbone)^ 4^ HS. ^(propyl) 7>^7> -i-<H 54^ ^Efl^ PE Golrf. 

R'-& ^^7> £E^r ^^-^7lo)al ( n'^ 3 xfl^l 127fl^ ^^o]^ j m ^ a S | 7}-^ 
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4^ ^sItt 1 ifl^l 207fl^ ^^1- Sl^l <^)# 7\7]7} 107fl 

Si 10-^- sffl^B PEG °le} 

^"71 tiV-g-^Sj- ^o] ; ^JbJe-o}. p[?G (IV-d)^l ^^-^S. 

^ (IV-c)* 2flS*Hr 1^1, o] ^€ (IV^c)^. ot 20 tfl^ 30 %> 

H>^-*]*Mlfe 5} 28 «y-2.qo>^ *>oflAi «V-§-*H o>ni ^ # (iv-b)-i- ^8*Rr *fl 
2^-7^1, o) 3.^3. (IV-bHI aV-g-SMl^ 1>ell<4 A>-g-^ji -fr^-g-uflS. 

DMAC^- CHP2] ^-g-ofl, wH^*>7fl^ ^5:1^1 ^^-wl* ^ ^^--§-°fl^Hl ^-§-^1^ 
^eflo]-^ a> ^l-(IV-a)^- *fl^*Rr 3^31, o] ^3 S)-^ (IV-aHl ^H-sMlS. 

5.^<*fllJ o>n] DEA^ ^ ^71 #nfl §HH, cH-S^m^ DMF^ ^-g-nfl , w> 

^*l*Mlfe 4:1^ ^^ull- £i=. ^-g-nflS A}-§-<5}c*| rf^-oj- 

A. 

5. ^(linear) mPEG, ^ ^7]^(bi functional) PEG ^ PEG, mPEG, 

PEG, ^-cf^-oj-_p EG ji^>^. i^-*V 7>^*V PEG 7]-£-^ 

^tHl!-* ^ iZ-^M-, wV#*ja>7ti^ zl 100 vfl^l 1,000,000, #^ w> 

U-*|S>7fl^- ^ 1,000 ifl^l 100,000 ^^-(D) PEG ^tMl* i^t}. 

i^rgo} 3^#£ ^^7} ^-§-tb -g-£, ofl^cfl cf«fl^ ^ A] 

^*H*I AjEM^ ^ Cf^^ m^g ^DflOl^O] AjEM^ ^ ^ 7 ) 
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<60> ^Al<^l i. mPEG-^HnlH 20 K ^2: ^ 
<6i> 1-1. mPEG-£^3HB 20 K (mPEG-tosylate 20 K)^ 

<62> mPEG-OH 60 g (^j-%= 20000, 3 mmol)* 300 mH ±t<& ^, 2.5 ml^l 
Bel^l^o>o](TEA, 18 mmol)# ^ 7|-^>ZL , 10 -^<?> m^^^c)-. «>-§- ^-§-ofl 

M9!^i^tSe}olE (TsCl) 2.9 g (15 mmol, 5 ^#^^1^1 ^-<^ ^7>*1 

20^1?i jiial-^cf. «>-§- -g-^ ^^JI, c^<5fl^- 

^5}-^£^-(NH 4 Cl) -g-^^-S »} ^l^^^o.^, -FM^# %^>rL^l^(MgS0 4 )o. 

« l^foc] -fi-jE^ii^ , ^ sJ-^-#€- ^ ^ «HM 12 

3a*H, mPEG-J£^eflolH 58 g-g- <£9X^. 
<63> !H-NMR (CDC1 3 ) 6 : 2.45 ppm (s, 3H, -CCH 3 ), 3.36 ppm (s, 3H, 0CH 3 ) , 3.64 ppm 

(s, 1818H, PEG backbone, -0CH 2 -), 4.24 ppm (t, 2H, -CH 2 OTs), 7.35-7.79 ppm (d, 4H, 
aromatic ring) 
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<64> 1-2. mPEG-o} 1 ?! 20 K(mPEG-NH 2 20 K)^ 

<65> mPEG-S.^eflolH 3^1- 58g(^-^^ 20155, 2.88 mmol)# 400 mH ^ 

^rtr ^ ^ «HH 12X|# ^oj- ^^l-c.} ( mPEG-o>^l 55 "SSitK 

<66> 1 H-NMR (CDC1 3 ) 6: 2.87 ppm (t, 2H, -CH 2 NH 2 ), 3.36 ppm (s, 3H, 0CH 3 ), 3.64 

ppm (s, 1818H, PEG backbone, -0CH 2 -) 

<67> 1-3. mPEG-^e^l-^ # 20 K^) ^2: 

<68> mPEG-ofol 55g(£-*}^ 20000, 2.75 mmol)^: DMAC 220 ml Q CHP 55mi°\] ^91 

^-i- 2.7 g(27.5 mmol, 10^)« ^5M. 3^ (Dean-stark trap 

set)* ^^s-f^- ^-^-g-ofl( co-sol vent)* A}-g-s:}a} 8 0 °C<HH i6Al^o> 

, ^^sf^-l-a- ^4tr ^ ^ «HH 12Al^> ^S^}^, mPEG-^M^ 

^ 52 g* <£9X^. 

<69> !H-NMR (CDCI3) 8 : 3.36 ppm (s, 3H, 0CH 3 ), 3.64 ppm (s, 1818H, PEG backbone, 

-0CH 2 -), 6.28 ppm 6.15 ppm (d, 2H, -0 2 CCHCHC0 2 H) 

<7 o> 1-4. mPEG-^reflolul^ 20 K^l 
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<71> mPEG-^eflo>ni a> 52 g (£-7^ 20100, 2.59 mmol)* ^#S5.^Ej- 156 DM p 

39 ^r°l 0 °C<>1H DIEA 1.1 m£(6.48 mmol, 2.5 ^^#^^.^1^ 

^-iSoHluflol^ U m ^(6.48 mmol, 2.5 ^)^r "4^\ 55 °C^1^ 2A^)7}^-oy 

-M» ^l^tb ^ ^ofl^ojjEflel- ^7^M 4] ^i-g- -B-^g]-^ o.^ t ^ 

^sHM-g: <^4^>^^. ^4#^r 1 L ofl ^ ^(act ivated 

carbon) 20 g* ^JL 5a|tJ -g-oV Mwl^^cf. igeHH. 3fl^( ce lite padH ^ 

mPEG-i^H^^ 20 K 30 g-g: 

<72> !H-NMR (CDC1 3 ) 6 : 3.36 ppm (s, 3H, 0CH 3 ), 3.64 ppm (s, 1818H, PEG backbone, 

-OCH2-), 6.70 ppm (s, 2H, -CH=CH-) 

< 73 > >£X\d\) 2 . PEG-til^(^eflolDic) 10 k ^ *\}2i ^ 

<74>2-l. PEG-wl>i(j£.^^olB) 10 K(PEG-(tosylate) 2 10 K)£] *fl2: 

<75> PEG-(0H) 2 50 g (^g-7}^ 10000, 5 mmol)^- cjfSS^ 250 mH ^91 ^, 8.4 ml 

TEA (60 mmol, 12 ^)^r ^7}*}31 10-g- ^-9} M*}f>}<%K± . ^f-#<^l p-^ 

^S.^ms.^}^- (TsCl) 9.5 g (50 mmol, 10 i^t£Si^l ^ ^ 7 >^ 

^, 20^1 ?_> ^0} -g^^H mti]-§>^cf. aV-g- -g-ofl^. o^Sj-o} *}7]*}<%51, 

2-$: ^^ 0 J-£^-(NH 4 Cl) ^ # 43*r£j^, -B"7l#* ^V^Ml^(MgS0 4 )il 
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*1*> ^l^V^, PEG-«1^(£^3HH) 10 K 49 g-g: ££i=r. 



<76> !H-NMR (CDC1 3 ) 6 : 2.45 ppm (s, 6H, -CCH 3 ), 3.64 ppm (s, 909H, PEG backbone, 

-OCH2-), 4.24 ppm (t, 4H, -CH 2 GTs), 7.35-7.79 ppm (d, 8H, aromatic ring) 

<77> 2-2. PEG-«l^(6>i?l) 10 K(PEG-(NH 2 ) 2 10 K)^l *flS 

<78> -T- 7] ¥^ (Bi functional) PEG-^l ^(S^H s ) 49 g( 10310, 4.75 

mmoDl- ^S-i-^K 1 300 iilH ^#JL ^£r^H 10«J *>-§-srrS , <£-§- ^ 

#^.5.^1^^. Jf ^#§>jl, %^p>ZL Ml # (MgS0 4 ) ^12:^: ^ <^3fs}^ 

PEG-Hli(°}^) 47 g-g: 

<79> !H-NMR (CDCI3) 8 : 2.87 ppm (t, 4H, ~CH 2 NH 2 ), 3.64 ppm (s, 909H, PEG 

backbone, -0CH 2 -) 

<so>2-3. PEG-wl^(^:^ol-^ a]-) 20 K (PEG-(maleamic acid) 2 )^ 

<8i> PEG-wl^(o>ol) (PEG-(NH 2 ) 2 ) 47 g 10000, 4.7 mmol)-§: DMAC 188 m£ Q CHP 

47 mi*\) ^91 ^ ^efl^ ^-^r# 9.2 g(94 mmol, 20 ^)# ^^^f. 
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^ ^^1*>J1 ^-§-nm l-^-^^S. *>-§-*H 80 TC°1H 16^1 jaw]- 

^^t!: ^ ^ *HH 12^1^ ^S^H, PEG-tili(^eflo>^ 
10 K(PEG-(% v efl^ ^) 2 ) 44 g# <a&i=K 

<82> !H-NMR (CDC1 3 ) 6 : 3.64 ppm (s, 909H, PEG backbone, -0CH 2 -), 6.28 ppm 6.15 

ppm (d, 4H, -0 2 CCHCHC0 2 H) 

<83> 2 -4. PEG-ul^C^loH^) 10 K(PEG-(maleimide) 2 )^l 

<84> PEG-tiliC^Kni a>) 44 g (*7.}b£ 10200, 4.31 mmol)^: c]fssit 132 

DMF 33 ml*\) ^°]JL 0 °C<HH DIEA 3.8 m£(21.6 mmol, 5 ^^.$.5.2)]^ He] 

3.7 m£(21.6 mmol, 5 ^)-§: "4°] ^31 55 °C °fl ^ 24^1 ^^<^ JEW! 

-g-*ti« iMf*H alM* * £HiH131M ^7>^H -fr£«l-5a^, 3 

<^ 4^53 4. ^41"* ^tSSi^ 800 ml°\) ±t°}51, |^ 16 
^#ZL 5*1 # -§-<£ JUaV^V^rf. ^e^-o]e ^tofl fl^^-fr ^71§>JL -g- 

* ^ 12*1*1 ^ ?i^>^, PEG-(^eflolDl = ) 2 10 K 20 g 

<85> !H-NMR (CDCI3) 6 : 3.64 ppm (s, 909H, PEG backbone, -0CH 2 -), 6.70 ppm (s, 4H, 

-CH=CH-) 
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<86> ^X\d\] 3. ^-<y- PEG-^H Ti] c (Multi-arm PEG-maleimide) *\)2^ ^ 
<87> 3 -i. ^-<£ p E G ^^lolTJlH.(4-arm PEG-maleimide) 10 ^ W$ 
<88> 3-1-1. 4-# PEG-S^eflolE( 4 _ arm PEG-tosylate) 10 K£] aflS 

<89> 4_<y- PEG-OH 20 g (^-^ 10000, 2 mmol)# ^1-5.3.^]^ 100 m^l ^r^l ^, TEA 

6.7 m« (48 mmol, 24 ^7>^>i ^ 10^- JH^^cf . uV-§- £^-*efl p-#^ 

ofl^i^^-^efol= (Tsci) 7.6 g (40 mmol, 20 ^^S-S.^^ ^7}*V 

20^1 # JEtiH^t}. tiV-g- -g-ofl^. c^^o} <*,g. z\]7\-s}<%ji t o^oji^ 

« ^7>^H ^# ^}^, ^ aj-^-l-* ^ 12 

-S^ 4-<£ 10 K 19 g* ^Sitj-. 

<90> !H-NMR (CDC1 3 ) 6: 2.45 ppm (s, 12H, -CCH 3 ), 3.41 ppm (s, 8H, -CCH 2 0-), 3.64 

ppm (s, 909H, PEG backbone, -0CH 2 -), 4.24 ppm (t, 8H, -CH 2 0Ts), 7.35-7.79 ppm (d, 
16H, aromatic ring) 

<9i> 3-1-2. 4-<y- PEG-^>^ 10 K (4-arm PEG-NH 2 ) 10 K ^ 

<92> 4_oj. PEG-£^5flo]HL f^fl 19 g (£-*}*§= 10620, 1.79 mmol)-§- <y-S.^K- 

200 in^l ^ZL >^ofM 10H ^91 ^r-g-^-^H , «V-§- £^-#-g. rlfSSl^ - 
«i ^#^>i, %^>ZLvil^(MgS0 4 )-9.5. ^Stb ^ <*l*r*H ^17]^>^ 
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^•Br ^ ^ «HH 12Al^> H^is}^, 4-<£ PEG-o}^. 10 K ^ 

^1 17 g^- <2&*1. 

<93> !H-NMR (CDC1 3 ) 6 : 2.87 ppm (t, 8H, -CH 2 NH 2 ). 3.41 ppm (s, 8H, -CCH 2 0-), 3.64 

ppm (s, 909H, PEG backbone, -0CH 2 -) 

<94> 3-1-3. 4-0J- PEG-^Bflof^ a]- 10 ^fls 

< 95 > 4-oj- peg-o>t?1 17 g(^-^>^= 10000, 1.7 mmol)# DMAC 68 mi Sf CHP 17 ml°)) ±r<& 

^ ^sfl^r ^HM- 6.7 g(68 mmol, 40^)«- ^cf. ^i^H^ ^*1*}JI ^ 

-§- D ti«- *}-§-*H 80 °C°1H 16*1 i2tiV^>^cf. l^^£t ^SLS. 

^jl v)o\]*no\)z))^Wr ^7HH ^3M- , ^Wi-g- <^*i- 4. ^i 

*HM 12^1^01 ^^><^ ( 4-# PEG-^eflo>ni Al 10 K f^*H 15 g# 

<96> 1 H-NMR (CDCI3) 6 : 3.41 ppm (s, 8H, -CCH 2 0-), 3.64 ppm (s, 909H, PEG 

backbone, -0CH 2 -), 6.28 ppm 6.15 ppm (d, 8H, -0 2 CCHCHC0 2 H) 

< 97 > 3-1-4. 4-oj- PEG-^elHclc 10 K^l ^lS 

<98> 4-0J- PEG-^-£l]c>>^ a}. i 5 g («-^ 1040O, 1.44 mmol)^: ^#5.5. 45 m £s>}. 

DMF 11 m^l 0°C°1H DIEA 2.5 m£(14.4 mmol, 10 ^EHr^^S^l <d He) 

^-f-^S-OMlEiMB 2.5 m«(14.4 mmol, 10 ^jt. 55 t;°fH 24*1£-^°V J5L 
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*j*}s}-^#-8- #<g- ^4*}^ 4. ^4## cltHl^; 300 m«ofl ^°}5L, %^e> 6 
^JL 5*m ^ iE^-^cf. ^#-g- ^e^-olH 35fl = o)l c^^H *H7i*}-jL -§- 

^4^. ^ ^J-oj- srj.oflAi l 2 Al^> ^o> ^2:*H, 4-# PEG-^M u] £1 10 K ^ 
^1 W# 9 <3&nJ- 

!H-NMR (CDC1 3 ) 6 : 3.41 ppm (s, 8H, -CCH 2 0-), 3.64 ppm (s, 909H, PEG 
backbone, -0CH 2 -), 6.70 ppm (s, 8H, -CH=CH-) 



<ioo> 3-2. 6-<& PEG-^H^iE. 20 K ^ yQ2i ^ 
<ioi> 3-2-1. 6-# PEG-£^eflo]B 20 

<102> 6-oj- PEG _ 0H 40 g 20000, 2 mmol)* ^#^5.^1^ 200 m^l ^ ^, TEA 

10 mi (72 mmol, 36 #^)* ^7>^ ^ 10^ ^^-$3^-. ^^-#^1 p-#^- 

^^i^^S^ol^ (TsCl) 11.4 g (60 mmol, 30 #^)» ^tSSi^l ^ ^7>*1 
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-^^ ^S^H, 6-oj- PEG-S^eflo)E 2 0 K 38 g# ££4-. 

<ios> 1H-NHR (CDC1 3 ) 8: 2.45 ppm (s, 18H, -CCH 3 ), 3.64 ppm (s, 1818H, PEG 

backbone, -OCH 2 -), 4.24 ppm (t, 12H, -CH 2 OTs), 7.35-7.79 ppm (d, 24H, aromatic 
ring) 



<104> 3-2-2. 6-<y- PEG-o}^ 20 K (6-arm PEG-NH 2 ) 10 K 3 ^ 

<105> 6-oj- PEG-S^eflolH #M 38 g (^r^ 20930, 3.48 mmol)-§- ^2-^o>^ 

«i ^#<*}JI, %^>ZLvil^(MgS0 4 )-9.S. #2: tb ^4*r°} £2^1 # ^71^ 

^•#^r ^sffr ^ ^ «HH 12*1 # £S*H, 6-# PEG-^ 10 K ^ 

2r^# 35 g* <2&4. 

<106> ( CDC i 3 ) 5: 2.87 ppm (t, 12H, -CH 2 NH 2 ) ( 3.64 ppm (s, 1818H, PEG 

backbone, -0CH 2 ) 



<io?> 3-2-3. G-<£ PEG- ^31°}^ # 20 

<108> PEG-of^l 35 g i^*}^ 20000, 1.75 mmol)^: DMAC 140 rati* CHP 35 m^l 

91 Hr^-ir -¥-^r# 10.3 g (105 mmol , 60 ^£4. £^ -g*l*r 

-H -g-^-g-nili- A>-g-«H 80 TC<M 16A]^9i jn^^cf. i>-§-^£f ^ 
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^ «HM 12*1 # -^o> £2:*H, PEG- 1 ^^^ # 20 K 3^ 

* 32 g# <35W. 

!H-NMR (CDCI3) 8 : 3.64 ppm (s, 1818H, PEG backbone, -0CH 2 -), 6.28 ppm 6.15 
ppm (d, 12H, -0 2 CCHCHC0 2 H) 



<no> 3 _2-4. 6-oj. PEG-^5flolDl^ 20 

<m> e-oj. PEG-^eflo>ni a> 32 g 20600, 1.55 mmol)* ^#5.5.^1^ 96 

DMF 24 m4<>11 ^r°lJI (TC^H DIEA 4.1 ml (23.3 mmol, 15 m^^-^-S-^M H 

Bl#-f-ii.S.oHEflolH 4.1 m£(23.3 mmol, 15 "4°] ^ 55 °C^H 24*1 #^<£ 

^WM: ^4*>S4. °1^1-* ^S^m 600 m£<Hl ^l-H, 12 g* 

^JL 5*1# ^<L> iEtiV^^cf. ^eMS sflcofl o^SM ^t^Vjl 

^ ^ §Hl*i 12*1# ^<L> 6-^ PEG-^-efl^^lS. 20 K 

^# 18 g# <S$m. 

<112> !H-NMR (CDCI3) 6 : 3.64 ppm (s, 1818H, PEG backbone, -0CH 2 -), 6.70 ppm (s, 

12H, -CH=CH-) 
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<H3> ^aHI 4. 10-# PEG-^H*lS.(10-arm pendant PEG-maleimi de)3 ^ 

<ii4> 4-i. iq-c£ ^loie PEG-S.^ efl c»l H 20 

<115> lo-oj- PEG-OH 20 g C^-*}^ 20000, 1 mmol)^- ^#^^^1^ 100 m«°fl ^-^1 

^ , TEA 8.4 mi (60 mmol , 60 ^7>*VJ1 10^ m^^x}. aV-§- 

°fl p-l-^-^l^i^#S.Hl-o]c (Tsci) 9.5 g (50 mmoi, 50 t}-I-S5.pf|fHl *=.o} 

(MgS0 4 )^S ^^*> * ^4*H ^flTl^cf. -g-*fl# ^171*V 

«HM 12*1 # ^ ^i2;*>^ 10-# PEG-S^sflolH 20 K ^fMl 18 g* 

<H6> 4-2. i()-<y- PEG-*} 1 ?! 20 K (10-arm pendant PEG-NH 2 ) ^ 

<117> io-<y- ^H. PEG-£^3HH f^*fl 3j-^# 18 g 21550, 0.84 mmol)* 

S-M°Hr 200 ntfofl ^Zl io<^ , 

JLS ^ ^#^>JI, %^MzLt1]^(MgS0 4 )^.S ^ <^4*H 

^#=§^1 ^#^r <^*> ^- *HH 12^1^ ^S^H, 10-^- ^ 

PEG-o} 1 ?] 20 K sj-tM- 16 g-§- <2&t}. 
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<H8> 4-3. io-<y- PEG-^eM^ *± 20 K°-l ^12: 

<ii9> io-<y- s&igB PEG- 0 } 1 ?! 16 g (^>^= 20000, 0.8 mmol)# DMAC 64 ra£ °+ CHP 16 

m^l ^-9J ^ ^^r# 7.9 g (80 mmol, 100 ^$4. # 

<y- a^^v * ^ #<y. i2Al^> ^-oj. ^sH, io-<£ PEG-'g-efloK! # 

20K 15 g-°r 

<120> 4-4. io-<y- ^l^H PEG-^efloH^ 20 

<m> io-<y- JfliglH PEG-^^l 0 ^ ^ 15 g (^4^ 21000, 0.71 mmol)* c]t^Si^ 45 

i!Sf DMF llm^l ^o]jl (TC^H DIEA 3.1 ml (17.8 mmol, 25 ^^t^S^I^ 

H3^S.3oH13MH 3.1 m£(17.8 mmol, 25 55 TC*IM 24Al# -g- 

^, ^4*V°I^. <^## ^#3.5.^ 300 mH ^lal, %^^r 6 

g# "4JL 5*m iH^^t}. ^#-8: iSeMB 2flJE.ofl ^54*>^ ^l^sV 

^ ^ *HH 12*1^- ^-°> ^S^M 10-9J- PEG-^H 
^1= 20 K ^Sfl 9 g-i: 
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«f" If 0 ^ t^j-s^^ ^ ^v\)o]o]] ^^^c LS _ ^ oj- PEG-^ 

5flolD|c -fKS^l- Afl^ wj-^ o.S. ^*>JI JL^-g-, Jl^Sl^ ^A>8>^ 
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7) (I-a)^ mPEG-^eflol-^ ^ -^-£*IH1 ^mH&^Ssll^ B*M#-¥-^.3.oMNH 

^ (I) ^r^SLsL ?>}±t ; 



*}7l (11)2} PEG-( 1 tefl^^ = )2 3^-§-* ^lS^ «o v ^°fl 9X°]*], 

(II-a)^| PEG-«l^(% v efl^ #) 2 ^1 ^E}tfiS3ll^ H31^£.3oMl3MB 

^ (II) *)lS^§: 



o 




( I ) 



m PEG-OC H 2 C H 2 -NHC OC H=C HC 0 2 H 



(I-a) 



21 
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P q 

\— PEG-0CH2CH5— n; 
b o 

(ID 

H02CCH=CHCONH-PEG-OCH 2 CH2-NHCOCH=CHC0 2 H 

(II-a) 



3] 

*}7) (111)3 <& PEG-^H 1 ^. W#^r ^ll^Rr 91 

°\*\, ^iJH (III-a)^ t)-^ <£ PEG-^-efl^^l ^B^^S.^ HeU-^S^Hl 

(in) ^lsf-* afla^; 

o 

r( — PEG — OCH2CH2 N yjl ) n 

O 

(III) 

R(— PEG— OCH2CH 2 -NHCOCH=CHCQjH) n 
(Ill-a) 
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1^^-% 4] 

91°]*], (IV-a)^ cf^ # ^MH PEG-^ v efl^ *H W^^S^m H 

^ (IV) afl^-i: Bj-fe ^11^« 0 >^ ; 




m 



(IV-a) 

R' ^ SEfe 1 tfl^l 32] ^^-^711- t+E^JL, 

n'^ 3 i^^l 122] ^^o] ji ) 
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m^r 1 tfl^l 20^ 7fl^« M-Bhflt}. 

[^T 1 * 5] 
6] 

^1 1^ ^1 4*J- ^ *V *oHl SH>H, ^7l^ DIEA £E^r DEA^l ^ 

l^tt 7] 

8] 

*11 7%H] &<>H, £ DMF(4:l) £^-8-nfl# A}-g-^ s. 
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*fl 1%> i-fl*] *fl 4%> ^ & ^ 9X^^, ( I ) (IV)S1 PEG ^*fl 

z>}±r mPEG, ^ PEG PEG, mPEG, 

^-•3- PEG, ^-^^-^-PEG ^-g-^ -H^-XHl iff PEG 7l-&<§ ^flS 

[^t 1 * 10] 

*fl i-fl*l *H ^ ^ %H1 ( I ) ^\*\ (IV)3 PEG 

^ ^l-^ol ioo xfl^l 1,000,000 M(D)<y PEG ^tMfl 




9] 
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